Determining the Enthalpy of Vaporization 
and the Enthalpy of Fusion of Water 


Prepared by Thomas M. Moffett Jr., Plattsburgh State University, 2003 


Background 


Evaporation is the change of state from liquid to vapor. As a liquid evaporates the vapor 
molecules exert pressure on their surroundings. This pressure is referred to as vapor pressure. 
The vapor pressure of a liquid increases as temperature increases. Boiling occurs when vapor 
pressure is equal to atmospheric pressure. In order for a liquid molecule to convert to a vapor 
molecule energy must be added, this energy is referred to as the enthalpy of vaporization (AH yap). 
In part one of this experiment you will determine the enthalpy of vaporization of water by 
measuring vapor pressure at different temperatures. Vapor pressure does not increase linearly as 
temperature increases (Figure 12.6 in your text), instead vapor pressure data fits quite well into 
the Clausius-Clapeyron equation: 


P=AxeuHRt (1) 


Where P is the vapor pressure, AH is the enthalpy of vaporization, T is the temperature (Kelvin), 
R is the gas constant (8.314 ee x), and A is a constant with units of pressure. By taking the 
natural logarithm of both sides of the equation it becomes: 


In P= In A —(AH/R)(1/T) (2) 


Graphing In P on the y-axis and 1/T on the x-axis will result in a straight line with a slope of 
-AH/R. When doing the calculations the partial pressure due to air in the graduated cylinder must 
be accounted for, recall Dalton’s law of partial pressures: 


Pwater = Protal Pair (3) 


The moles of air will be determined by taking a measurement at 5 °C, a temperature where the 
vapor pressure of water should be negligible. According to the ideal gas law: 


Nair = PV/RT (4) 
Where P is the atmospheric pressure (torr), V is the volume of gas (mL), R is the ideal gas 
constant (6.237 X 10° ™ ""/.., x), and T is the temperature (K). During the experiment the 
partial pressure due to the air will be calculated for every volume-temperature measurement: 


Pair = NairRT /V (5) 


Finally the partial pressure of the water vapor is calculated using equation 3, where Protai is 
atmospheric pressure. 


In the second part of the experiment the enthalpy of fusion (AHfus) of ice will be determined 
through calorimetry. The enthalpy of fusion is the energy required to convert a solid to a liquid. 
By measuring the temperature change of water in a calorimeter, the energy absorbed by the ice 
from the water can be calculated: 


water = M AT Cy (6) 


Where q is the energy lost by the water, m is the mass of the water in the calorimeter, AT is the 
temperature change of the water and C, is the heat capacity of water (4.184 J/g °C). The heat 
absorbed by the ice is equal to the heat lost by the water: 


ice = -Qwater (7) 


The enthalpy of fusion can then be calculated with the following equation: 


AH rus = dice ‘ Nice (8) 


Procedure 


Part A: Enthalpy of Vaporization 


1.) 


2.) 


3.) 


4.) 


5.) 


6.) 


Fill a large beaker with water, and place on a hot plate. 


Fill a 10-mL graduate about two thirds full of water, stopper it with your thumb, and 
place it upside down in the beaker. The volume of the trapped air should be between 4 
and 5.5 mL. 


Suspend a thermometer in the beaker by clamping it to a ringstand. 
Heat the water to approximately 75 °C, and then remove the heat. 


Record the volume of gas in the graduate and the temperature. The initial volume of gas 
should be approximately 10 mL (if the volume is greater than 10 mL, you must wait for 
the volume to decrease to 10 mL before taking your first measurement.) Be sure to 
thoroughly stir the water before taking any reading to ensure constant temperature 
throughout the entire beaker. 


As the water cools, continue to take temperature and volume measurement at 
approximately 5 °C intervals until the temperature reaches 50 °C. 


7.) 


8.) 


After taking the reading at 50 °C, wrap a towel around the beaker and carefully transport 
it to a sink. Be sure not to disturb the air trapped in the graduate. Slowly add cold water, 
allowing the water to overflow the beaker into the sink. After a few minutes carefully 
pour about a third of the water out of the beaker (don’t allow any of the gas to escape 
from the graduate). 


Add ice and stir until the water temperature is 5 °C or cooler, take a final volume- 
temperature measurement. This measurement will be used to determine the moles of air 
in the graduate. Make sure to record atmospheric pressure, your instructor will put it up 
on the board. 


Part B: Enthalpy of Fusion 


1.) 


2.) 


3.) 


4.) 


5.) 


6.) 


Determine the mass of your coffee cup calorimeter (without the top and the 
thermometer). 


In a beaker, warm about 100 mL of water to approximately 30 °C. Carefully pour the 
water into the calorimeter, determine the mass of the calorimeter and water (without the 
top and the thermometer). 


Record the initial temperature of the water in the calorimeter. 


Blot about 25 g of crushed ice with paper towels to remove as much of the adhering 
water as possible. Use a stirring rod to scrape the ice into the calorimeter. 


Stir until all the ice has melted, noting the lowest temperature the calorimeter reaches. If 
the temperature is above 10 °C, add more blotted ice, and repeat. 


Determine the mass of the calorimeter and water (without the top and the thermometer). 


Data analysis 


In your report be sure to include the following information: 


e a graph of In P vs (1/T) 
° calculate %-error for AHyap 
e calculate %-error for AHfus 


Sample Data Sheets 
Part A — Enthalpy of Vaporization 


Atmospheric Pressure 


Temp (°C) Temp (K) Volume 1/T (K*?) Pair Pivaiet In Pwater 


Use this space to show calculations (you only need to show one sample of each calculation). 


Determine AH\ap from the graph (including correct units) 


Calculate the %-error 


Sample Data Sheets 

Part B — Enthalpy of Fusion 
Mass of calorimeter, water, and ice: 
Mass of calorimeter and water: 
Mass of calorimeter: 

Mass of water: 

Mass of ice: 

Moles of ice: 

Final temperature of water: 
Initial temperature of water: 
Temperature change of water: 
Heat lost by water: 

Heat gained by ice: 

Enthalpy of Fusion: 

Average enthalpy of fusion: 


%-error: 


Post Lab Questions 

1.) In part A, the readings of the graduated cylinder were slightly off due to the inverted cylinder 
(meniscus is the wrong way). Is this an example of a systematic error or a random error? 
Explain the difference between the two. 

2.) Determine the enthalpy change when 62.0 g of steam at 135.0 °C is cooled to ice at —15.0 °C. 
Use the actual enthalpy and heat capacity values — these can be found in your book. (Use 
additional paper to show your work.) 

3.) A heater in a hot water tank gives off 30,000 KJ per hour. The initial temperature of 450 kg 
of water in the tank is 18.0 °C. If the tank is heated for 90 minutes, determine the final 
temperature of the water. 

4.) In general boiling and melting points increase with molar mass. Explain why water has such 
high melting and boiling pts (273 K and 373 K respectively), compared to other similarly 
sized molecules. For example: CH, (91 K and 109 K) and H2S (187.5 K and 212.3 K). 

Pre-Lab Questions 


1.) Why is the calorimeter made out of two Styrofoam cups instead of two metal cups? 


2.) Explain why the total pressure will remain equal to atmospheric pressure throughout all of 
part A of the experiment. 


3.) What is the relationship between vapor pressure and external pressure at the boiling point? 
4.) What is the relationship between intermolecular forces and vapor pressure? 
5.) Explain why ice is one of very few solids that will melt when pressure is increased. 


6.)Explain why you don’t need to record the mass of the ice you weigh out on your paper towel 
in part B. 


7.) Which releases more energy, 10 g of boiling water cooling to room temp (20 °C) or 10 g of 
steam condensing at 100 °C? 


